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Abstract
Background
Intoxications with alcohol and drugs are common in the Emergency Department. This study
aimed to describe the occurrence and characteristics of intoxications (alcohol, Drugs of
Abuse (DOA), pharmaceutical and chemical) presented to the Emergency Department and
the health care costs of these intoxications.
Methods
This was a retrospective medical record study of all patients (� 16 years) who presented to
the Emergency Department of an inner-city academic hospital in the Netherlands due to sin-
gle or multiple intoxication(s) as the primary or secondary reason in the year 2016. An intoxi-
cation was reported as present if the attending physician described the intoxication in the
patient’s medical record.
Results
A total of 783 patients were included, accounting for 3.2% of the adult Emergency Department
population (age� 16 year). In 30% more than one substance was used. Intoxications with alco-
hol, Drugs of Abuse and pharmaceuticals was reported in respectively 62%, 29% and 21% of
the intoxicated patients. The mean costs per patient presenting with an intoxication to the
Emergency Department was € 1,490. The mean costs per patient were highest for pharmaceu-
tical intoxications (€ 2,980), followed by Drugs of Abuse (€ 1,140) and alcohol (€ 1,070).
Conclusions
Intoxications among patients aged 16 years and older are frequently seen at the Emergency
Department and are frequently caused by multiple substances. Alcohol is the most common
PLOS ONE | https://doi.org/10.1371/journal.pone.0226029 December 19, 2019 1 / 12
a1111111111
a1111111111
a1111111111
a1111111111
a1111111111
OPEN ACCESS
Citation: Verheij C, Rood PPM, Deelstra CK,
Levendag MLL, Koch BCP, Polinder S, et al. (2019)
Emergency Department visits due to intoxications
in a Dutch university hospital: Occurrence,
characteristics and health care costs. PLoS ONE 14
(12): e0226029. https://doi.org/10.1371/journal.
pone.0226029
Editor: Lars-Peter Kamolz, Medical University Graz,
AUSTRIA
Received: June 4, 2019
Accepted: November 19, 2019
Published: December 19, 2019
Copyright: © 2019 Verheij et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data Availability Statement: Data cannot be
shared publicly because some of the small
numbers in some of the groups which may
interfere with the current European privacy
regulation (General Data Protection Regulation).
This regulation applies to all patient related data
including research as stated by the Medical Ethics
Review Committee of the Erasmus University
Medical Center Rotterdam. Therefore, data are
available for researchers who meet the criteria for
access to confidential data upon request which can
intoxication. Substantial healthcare costs are involved. Therefore, this study suggests that
further research into hazardous alcohol consumption and DOA abuse is warranted.
Introduction
Intoxications with alcohol and drugs are a common problem in the Emergency Department
(ED). In the literature approximately 1–5% of all visits to EDs are due to single or multiple
intoxication(s).[1,2]
Intoxications vary from alcohol, drugs (pharmaceutical, non-pharmaceutical or illicit drug
use/drugs of abuse (DOA) to carbon monoxide (CO) and chemicals.[1–3] Globally, alcohol
intoxication is the most prevalent intoxication among patients presenting to the ED.[2,4–9]
Over time, changes in the number of specific types of intoxications are seen in other countries.
[10–16] There is an increase in alcohol related visits to the ED in the United States (US).
[10,11] Also, an increasing trend in the occurrence of (different types of) DOA related atten-
dances is seen, although not all studies support these results.[11–13] Among pharmaceuticals,
an increase in ED visits concerning benzodiazepines and opioids is reported up to 200% in the
United States.[12,14–16] No recent data is available about the occurrence and characteristics
due to intoxications in the ED in the Netherlands.
Intoxicated patients are considered to be a burden on healthcare worldwide. This burden
includes social and economic aspects as well as the burden placed on hospitals.[17–21] The
increase in ED visits and hospital admissions due to intoxications has been described in litera-
ture. The subsequent use of healthcare resources is part of a growing burden on our healthcare
system.[20] However, no recent data is available on health care consumption due to intoxica-
tions in the ED in the Netherlands.
Therefore, the current study aimed to describe the occurrence and characteristics of intoxi-
cations presented to the ED of an inner-city academic hospital in the Netherlands. Second, this
study aimed to describe the health care costs of these intoxications.
Materials and methods
This was a retrospective medical record study. The ethics committee approved this study
(MEC-2016-629). No informed consent was needed because of the retrospective, observational
design of this study.
The study population consisted of all patients aged 16 years and older who needed medical
care at the ED of the Erasmus MC University Medical Center, an inner-city academic hospital
in the Netherlands, due to a single or multiple intoxication(s) in the year 2016. Intoxication
was defined as a condition that follows the administration of a substance and results in distur-
bances in the level of consciousness, cognition, perception, judgement, affect, or behavior, or
other (psycho-) physiological functions and responses.[22] Intoxications included alcohol,
drugs (pharmaceutical, non-pharmaceutical or DOA), carbon monoxide (CO) and chemicals.
For this study, an intoxication was reported as present if the attending physician described the
intoxication in the patient’s medical record. Inclusion criteria were all patients aged� 16 years
presenting to the ED between January 1, 2016 and December 31, 2016 who either presented to
the ED with an intoxication as the primary or secondary reason. A secondary reason was
defined as presentation to the ED for a reason other than intoxication, but upon examination
it became clear that medical care for a present intoxication was needed.
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Researchers retrieved a range of variables from the electronic medical records. Variables
included patient characteristics (gender, age, intentional versus nonintentional exposure),
characteristics of the intoxications (type, co-intoxications), variables regarding therapy, diag-
nostics and health care consumption due to intoxications (ambulance transportation, length
of stay at the ED, day and time of presentation, admittance to ward or Intensive Care Unit
(ICU) including length of stay) between ED visit and discharge.
With regard to the health care costs, our study focused on the direct, pre-hospital and in-
hospital care during treatment of intoxication. We considered costs of the ED visit, in-hospital
stay at a general ward and ICU and costs of ambulance transportation. Non-medical costs, for
example productivity loss, were not considered. Unit costs were retrieved from the cost-refer-
ence manual provided by the Dutch National Health Care Institute.[23,24] Mean costs for a
visit to the ED are € 259. The rate of ambulance transport is € 613. The mean costs for one day
admittance to the ward in an academic and general hospital are €642 and € 443, respectively.
The average day costs of ICU (including diagnostics and medication) admission was valued at
€ 2,015.[23] Health care use per period was determined and multiplied with the costs per unit.
When admitted, a proportion of the patients was transferred to regional (general) hospitals
instead of admittance to the Erasmus MC University Medical Center.
The length of stay when patients were transferred to a general hospital was not known; for
the cost calculation we assumed that the length of stay in a general hospital was similar to the
length of stay in the Erasmus MC University Medical Center.
Subgroups of different intoxications were compared to see whether these groups differed in
costs.
Statistical analysis
The data were extracted to and analyzed using SPSS (IBM Corp. Released 2016. IBM SPSS Sta-
tistics for Windows, Version 24.0. Armonk, NY: IBM Corp.). The data were analyzed using
descriptive statistics; mean, median, standard deviation and proportions were described. We
assessed the distribution of age, gender, DOA, time of presentation to the ED, length of hospi-
tal stay, discharge category and health care costs for all patients, as well as by intoxication cate-
gory. We have used the Shapiro-Wilk test to test for the normality of data. Any missing data
were described.
Results
In 2016, a total of 24,720 patients (age� 16 year) were seen in the ED. A total of 783 patients
met the inclusion criteria for this study, accounting for 3.2% of the total ED population. In
30% of all intoxications more than one substance was used.
Characteristics of patients presenting with intoxication
The mean age of patients presenting with intoxication was 35 years (range 16–88; standard
deviation (SD) 15.2). Of all patients presenting with an intoxication, 67% (n = 523) was male.
The socio-demographic details of all patients that presented with an intoxication as well as by
category of intoxication are shown in Table 1. Almost half of all patients (47%) had a maxi-
mum Glasgow Coma Score (GCS). In almost 3% (n = 23) of patients the GCS score was 3 and
3% (n = 27) was intubated. Almost 16% (n = 119) of patients had previously visited the ED
with an intoxication. In 17% (n = 133) of the patients the intoxication was an attempted sui-
cide. Pharmaceutical drugs were involved in 85% (n = 113) of all suicide attempts, whereas
DOA and alcohol were involved in 15% (n = 20) and 27% (n = 36), respectively. One patient
Intoxications in the ED: Occurrence, characteristics, health care costs
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died during admittance at the Erasmus MC University Medical Center. No patients died dur-
ing their stay in the ED.
Characteristics of intoxications
The distribution of the different types of intoxications is shown in Fig 1.
Alcohol. Of the total group of 783 patients, in 62% (n = 484) alcohol was the (co-)intoxi-
cant. The mean age of ED patients with an alcohol intoxication was 34 years (range: 16–79; SD
14.9) and 70% (n = 339) was male. In 31% (n = 150) of all intoxications with alcohol a co-
intoxication was present; these were mostly co-intoxications with DOA (n = 109) or pharma-
ceuticals (n = 37). A total of 7 (1%) patients had a combined intoxication with alcohol, DOA
and pharmaceuticals.
Drugs of abuse. DOA caused 29% (n = 227) of all intoxications. The mean age of people
with an intoxication with DOA was 31 years (range: 16–77; SD 10.9) and 75% (n = 170) of
the patients were male. In 48% (n = 109) of these patients, a co-intoxication with alcohol was
present. Combination of DOA and pharmaceuticals was seen in 11% (n = 25) of all drugs of
abuse cases. The most frequently seen DOA intoxications were cannabis (n = 88; 11% of all
Table 1. Socio-demographics of patients presenting to the emergency department with intoxications.
n Gender (% male) Age (mean; range; SD)
Total group of intoxications 783 67% 35; 16–88; 15.2
Alcohola 484 70% 34; 16–79; 14.9
DOAa 227 75% 31; 16–77; 10.9
Pharmaceuticalsa 162 49% 43; 16–88; 15.3
Chemicalsa 23 83% 37; 23–76; 14.04
aPlease note that some patients may be categorized into more than one category due to combination intoxications,
e.g. patients with an alcohol intoxication can also have a intoxication with drugs of abuse (DOA).
https://doi.org/10.1371/journal.pone.0226029.t001
Fig 1. Distribution of different types of intoxications seen at the emergency department.
https://doi.org/10.1371/journal.pone.0226029.g001
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intoxications and 39% of all DOA intoxications), cocaine (n = 70; 9% of all intoxications and
31% of all DOA intoxications), gammahydroxybutyrate (GHB) (n = 53; 7% of all intoxications
and 23% of all DOA intoxications) and 3,4-methylenedioxymethamphetamine (MDMA/
ecstasy) (n = 33; 4% of all intoxications and 15% of all DOA intoxications), respectively. These
four intoxications together accounted for 244 intoxications in 202 patients because some peo-
ple were intoxicated with more than one DOA. The number of cases of other groups of DOA
are shown in Fig 2.
Pharmaceutical drugs. Intoxication with pharmaceutical drugs was present in 21%
(n = 162) of patients. The mean age of patients with an intoxication with pharmaceutical drugs
was 43 years (range: 16–88; SD 15.3) and 49% (n = 79) was male. In 23% (n = 37) of these
patients, a co-intoxication with alcohol was present. Almost half of the patients had taken ben-
zodiazepines (n = 75; 10% of all intoxications and 46% of all pharmaceutical drug intoxica-
tions). Opioids were seen in 17% (n = 27) of all pharmaceutical drug intoxications (3% of all
intoxications) followed by selective serotonin-reuptake inhibitors (SSRI) in 15% (n = 24) of all
pharmaceutical drug intoxications (3% of all intoxications), acetaminophen in 14% (n = 23,
3% of all intoxications) and non-steroidal anti-inflammatory drugs (NSAID) in 10% (n = 17,
2% of all intoxications). Pharmaceutical drugs present in more than two patients are shown in
Fig 3. In addition, 32 other pharmaceutical drugs were found in 1 or 2 patients. Multiple phar-
maceutical drugs were taken in 67 (41%) of all pharmaceutical drug intoxications.
Chemicals. In 3% of all intoxications, chemicals were involved; mostly propane gas
(n = 4), 1,2-dichlorethane (n = 3) and toluene (n = 4). Also intoxications with petroleum
(-vapor) (n = 2), aniline (n = 1), carbon dioxide absorption granules (n = 1), hydrogen sulfide
(n = 1), arsenic (n = 1), methylated spirit (n = 1), chlorine (n = 2), glacial acetic acid (n = 1),
potassium permanganate (n = 1), isopropyl alcohol (n = 1) and mouse poison (n = 1).
Other intoxications. In the total group of patients, there were 47 intoxications other than
alcohol, DOA, pharmaceuticals or chemicals. Most of these patients had an intoxication with
CO (n = 36) and three patients presented with complaints after the use of Nitrous Oxide
(N2O). The other intoxications included in this category were intoxications (all single cases)
Fig 2. Number of intoxications with drugs of abuse seen at the emergency department, by type of drugs of abuse
(n = 227). (a) gammahydroxybutyrate. (b) 3,4-methylenedioxymethamphetamine. (c) lysergic acid diethylamide. (d)
amphetamine of unknown type. (e) 4-fluoroamphetamine. (f) 2,5-dimethoxy-4-bromophenethylamine. (g) alkyl
nitrites.
https://doi.org/10.1371/journal.pone.0226029.g002
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with cyanide, snuff tobacco, water, helium and intoxications with unknown composition
(shampoo, water pipe smoking, denture cleanser, herbal pills). In 28 patients (4% of all intoxi-
cations) the presence of an intoxication was described in the medical record, but there was no
information available about the exact type of intoxication.
Presentation to the ED and health care consumption
Most intoxicated patients presented at the ED on Friday (18%, n = 138), Saturday (20%,
n = 156) or Sunday (22%, n = 169). Almost half (44%) of the patients came in during nighttime
hours (midnight– 6 AM) and more than a quarter (27%) during evening hours (6 PM—mid-
night). In 75% of all intoxications some form of diagnostics was performed, mostly general
blood samples (54%) and ECGs (41%). Specific medication concentration measurement in
blood or DOA screening in urine was performed in 19% and 6%, respectively. Radiologic
exams were performed in 34% of all patients; mostly CT-cerebrum (26% of all intoxications).
An antidote was given in the ED in 5% of all intoxications (mostly naloxone; 3% of all intoxica-
tions) and in 1% it was stated in the medical record that an antidote was given pre-hospital.
Gastric lavage took place in four patients (1%) and active charcoal was administered in 3% of
all patients. Medication other than an antidote was given in 38% of the patients, including ben-
zodiazepines which were administered in 4.3%. Three percent of patients were intubated. The
mean length of stay of all intoxications at the ED was 3:55 hours (range: 0:12–22:03; SD 2:20).
Twenty-five percent of all intoxications was admitted to the hospital, of whom 15% to the
ICU. The remaining patients were discharged home (66%), to a psychiatric, addiction or
homeless center (4%), to the police station (1%) or left against medical advice (4%). In the
group presenting with an alcohol intoxication, 20% was admitted. In the group with a DOA
intoxication 16% was admitted. In the group with a pharmaceuticals intoxication 52% was
admitted. Of all admitted patients, most patients were admitted to the Internal Medicine ward
(24%) or Neurology ward (22%); 15% of the admitted patients were admitted to the ICU,
accounting for 4% of the total group of intoxications. Almost one quarter (24%) of all admitted
Fig 3. Number of intoxications with pharmaceutical drugs seen at the emergency department, by type of
pharmaceutical. (a) selective serotonin reuptake inhibitors. (b) non-steroidal anti-inflammatory drugs.
https://doi.org/10.1371/journal.pone.0226029.g003
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patients were transferred to another hospital; more than half of these were admittances to the
ICU (55%). The mean length of stay in the ICU of the Erasmus MC University Medical Center
was 4.0 days (range 1–12; SD 4.5). The mean length of stay in the ward was 3.4 days (range
1–43; SD 5.7). The mean length of stay was highest for intoxications with pharmaceuticals (5.5
days; range 1–43 days; SD 7.7) and DOA (3.6 days; range 1–17; SD 5.1). The mean length of
stay, when admitted, if alcohol was involved was 2.8 days (range 1–24; SD 4.7).
Healthcare costs
The total mean costs per patient presenting with an intoxication at the ED were € 1,490 when
combining the estimated costs for ambulance transportation, ED visits and hospital admission.
The mean costs per patient are highest for pharmaceutical intoxications (€ 2,980) followed by
DOA (€ 1,140) and alcohol (€ 1,070); see also Table 2.
The total annual costs for patients presenting with intoxications at the ED of the Erasmus
MC University Medical Center were € 933,180 when combining the estimated costs for
Table 2. Estimation of total costs of intoxications and per cost component.
Intoxication n Costs ED
presentation
(€)
Presentation
with
ambulance (n)
Costs
Ambulance
(€)
Admittance
academic
hospital (n)b
Admittance
general
hospital (n)b
Length of stay
during
admission
(days)b
Costs of
admittancec
(€)
Mean
costs per
patient
(€)
Total costs
(€)
Total group of
intoxications
783 202,800 616 377,610 149 46 585,720 1,490d 1,166,130d
ICU: 5 ICU: 25 ICU: Mean
4.00; range
1–12; SD 4.5
AH: 352,770
Ward: 144 Ward: 21 Ward: Mean
3.38: range
1–43; SD 5.7
GH: 232,940
Alcohola 484 125,360 411 251,940 85 12 141,380 1,070 518,680
ICU: 1 ICU: 6 ICU: Mean 2 AH: 111,890
Ward: 84 Ward: 6 Ward: Mean
2; range 1–27;
SD 4.8
GH:29,500
DOAa 227 58,790 173 106,050 21 15 94,800 1,140 259,640
ICU: 2 ICU: 13 ICU: Mean
1.50; range
1–2; SD 0.7
AH: 52,150
Ward: 19 Ward: 2 Ward: Mean
3.78; range
1–17; SD 5.3
GH:42,640
Pharmaceuticalsa 162 41,960 111 68,040 59 25 373,010 2,980 483,010
ICU: 4 ICU: 12 ICU: Mean
4.5; range
1–12; SD 5.1
AH: 232,240
Ward: 55 Ward: 13 Ward: Mean
5.55; range
1–43; SD 7.9
GH: 140,770
aPlease note that some patients may be categorized into more than one category due to combination intoxications, e.g. patients with an alcohol intoxication can also
have a intoxication with DOA.
b ICU: Intensive Care Unit
c AH: Academic Hospital; GH: General Hospital.
d Please note that the numbers below don’t add up because of combination intoxications.
https://doi.org/10.1371/journal.pone.0226029.t002
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ambulance transportation, ED visits and the costs of hospital admission. Adding the extrapo-
lated costs for admittance of transferred patients in other (general) hospitals results in total
costs of € 1,166,130. Alcohol intoxication (as mono- or combination intoxication) accounted
for almost half (45%) of the total costs, followed by (mono- or combination) intoxications with
pharmaceuticals (41%) and DOA (22%); see also Table 2.
Half of the total costs was accounted for by the costs of hospital admission. The costs of pre-
sentation to the ED accounted for 18% and the costs of ambulance transportation accounted
for 32% of the total costs; see also Table 2.
Discussion
The current study showed that intoxications among patients aged 16 years and older are fre-
quently seen in the ED accounting for 3.2% of all ED visits at Erasmus MC University Medical
Center. The most frequently seen intoxication was alcohol which was present in the majority
(62%) of all patients presenting with an intoxication. Intoxications with DOA and pharmaceu-
ticals accounted for respectively 29% and 21% of the study population. The mean costs per
patient of patients presenting with an intoxication at the ED was € 1,490. The mean costs per
patient was highest for pharmaceutical intoxications. The biggest proportion (45%) of the total
costs was due to alcohol intoxications as a result of the large number of patients presenting to
the ED with this type of intoxication.
The occurrence of all intoxications treated in the ED found in this study is higher than
those found in literature in the Netherlands.[1,4] Possible explanations could be a higher alco-
hol and/or drug use in the population over time, a higher use of alcohol and/or drugs in the
population in Rotterdam, and/or the inner city hospital location of this study.
In accordance to literature, alcohol was the most prevalent intoxication in our study.[2,4–9]
In the current study, a co-intoxication was present in almost one third of all alcohol intoxi-
cated patients. This is higher compared to other studies where alcohol is more often seen as a
mono intoxication, although higher rates of combination intoxications are reported.[1,2,4,9]
Nevertheless, alcohol was seen in the majority of all intoxications. In literature an increase in
alcohol related visits to the ED is described.[10,11] Vermes et al. conducted a similar descrip-
tive study in the Erasmus MC University Medical Center in the year 2000 using a similar
methodology.[1] Comparison of the current study with the study by Vermes et al. showed that
the reported number of intoxications with alcohol, DOA or pharmaceuticals increased by 38%
from 2000 to 2016. In this period, the population of Rotterdam increased by 6.2%.[25] Alcohol
was present as a mono- or a combination intoxication with pharmaceuticals and/or DOA in
319 patients in the year 2000 (61% of all alcohol, DOA and/or pharmaceuticals intoxications)
compared to 473 patients (66% of all alcohol, DOA and/or pharmaceuticals intoxications) in
the current study. The largest difference is seen among mixed intoxications; in 2000 alcohol
was present in 41% (n = 42) of all combination intoxications, in 2016 this rate was 60%
(n = 139).[1] This increase is alarming and this study suggests that further research into haz-
ardous alcohol consumption is warranted.
Our results regarding the prevalence of DOA and pharmaceutical intoxications is in line
with literature which shows that approximately 0.3–2% of all ED visits are drug related.[1,2,26]
In the current study cannabis, cocaine, GHB and MDMA were the most frequently seen DOA;
this is also seen in literature although our study found lower rates for heroin.[2,4,12,26–28] This
is probably due to a low overall prevalence of heroin use in the Netherlands.[29] The most fre-
quently seen DOA was cannabis. This may be explained by the current toleration policy by the
Dutch government which implies that people will not be prosecuted for possession or use of
small quantities of soft drugs and that the sale of soft drugs in ‘coffee shops’ is tolerated.[30]
Intoxications in the ED: Occurrence, characteristics, health care costs
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The current study shows an increase in the absolute number of intoxications with DOA
when comparing the results with the study of Vermes et al. (2003); from n = 96 in 2000 to
n = 227 in 2016.[1] This is in line with several studies that show a trend of increasing preva-
lence of (different types of) drug related ED visits. Cocaine, GHB, ketamine and cannabis are
reported to be more frequently observed among ED attendances compared to before, although
not all studies support these results.[11–13,31] The alarming increase seen in the current study
is in line with the upward trend that is seen in the general population in the Netherlands for
the use of cannabis, cocaine, MDMA, amphetamine and GHB.[29]
Our study showed that an intoxication with pharmaceuticals was present in 21% of all
patients presenting with an intoxication. Intoxications with benzodiazepines and opioids were
most frequently seen, followed by intoxications with SSRI’s, acetaminophen ad NSAID’s. This
is in line with previous studies that showed that anti-anxiety and sedative medication (espe-
cially benzodiazepines), analgesics (such as acetaminophen and opioids), antidepressants and
antipsychotics are the most frequently seen intoxications.[1,4,12,26] The high rate of the cur-
rent study for benzodiazepine and opioid intoxications is also in line with international litera-
ture.[1,4,12,26] Comparison with 16 years ago showed no big differences in the amount and
types of pharmaceutical intoxications.[1]
The rates of patients receiving therapy, with low rates for patients receiving antidotes or
gastric lavage, were lower compared to rates found in the Dutch study of Ambrosius et al.
(2012).[4] A study among Dutch hospitals showed that the use of antidotes and gastric lavage
vary among hospitals in the Netherlands and are mostly used in intoxications with pharmaceu-
tical drugs.[32] The relatively small group of these intoxications in the current study could be a
possible explanation for the low rates found. Also, gastric lavage is only performed if the
patient presents to the ED within the timeframe were this has merit and if the severity of the
intoxication outweighs the potential risk of this intervention. In most cases of alcohol and
DOA intoxications (which is by far the largest group within this study) there is no merit of this
intervention. Also, for most of the intoxications seen in the current study, there is no suitable
antidote.
Most patients were seen during the weekends. This is also frequently described in literature.
[19–21,33–34] In the current study a quarter of all patients were admitted which is comparable
to rates in literature although rates vary widely from 25–78.3%.[1,4,12,26,32] This rate was also
comparable to the admittance rate reported by Vermes et al. in 2000 in the Erasmus MC Uni-
versity Medical Center (33%).[1]
The relatively high proportion of admittance after intoxications demonstrates a large bur-
den on healthcare, which is in line with previous studies.[1,4,12,19,20,26,32] In comparison to
literature, the mean costs for an ED visit (€ 259) are somewhat lower in comparison to costs
seen in literature, where rates vary from £249 among alcohol related attendances (UK) to €541
among attendances due to alcohol intoxications (Belgium) and € 873 among deliberate self-
poisoning patients (Belgium).[6,33,35] The differences between the costs can (partly) be
explained by different ways of calculation of these costs and differences in costs among coun-
tries.[6,33,35] To our knowledge, there are no Dutch studies published on this particular sub-
ject. Multiple studies have described that intoxication related attendances to the ED and
related hospital admission are part of a growing burden on our healthcare system.[19–20] In
comparison with the study of Vermes (conducted 16 years ago in the Erasmus MC University
Medical Center), this study also shows a slight increase in the number of intoxications with
alcohol, DOA or pharmaceuticals from 520 (2.2% of total adult ED population) to 720 (3.1% of
total adult ED population) intoxications.[1]
A possible limitation of the current study is that the majority of the presented data were not
obtained from toxicological analysis but from electronic medical records. Therefore, the
Intoxications in the ED: Occurrence, characteristics, health care costs
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presented numbers could be an under- or overestimation of the actual occurrence of intoxica-
tions at the ED.
Also, for a minority of all transferred patients (24%; 6% of all patients) the length of stay in
the general hospitals was based on estimation, since we assumed that length of stay at a ward
of a general hospital was similar to the length of stay in the Erasmus MC University Medical
Center. Furthermore, the mortality rate of the patients who were transferred to a general hos-
pital was not known. The presented costs are likely to be underestimated because the costs of
transportation when patients were transferred to a general hospital were not included since
the exact type (ambulance or Medical Intensive Care Unit transport) was unknown.
Finally, it is important to note that this is a single-center study which was conducted in the
Netherlands and therefore generalizability to other hospitals in the Netherlands and beyond
may be limited. We therefore recommend to establish a nationwide database, or preferably an
international database, to investigate regional differences in the occurrence, characteristics
and health care costs of intoxications.
Conclusions
Intoxications among patients aged 16 years and older were frequently seen at the ED of a large
inner city tertiary hospital, accounting for 3.2% of all patients. In a third of intoxications, more
than one substance was used. Intoxication with alcohol was seen most frequently followed by
DOA.
The mean costs per patient for patients presenting with an intoxication at the ED was €
1,490. The mean costs per patient was highest for pharmaceutical intoxications, although the
biggest proportion (45%) of the total costs was accounted for by alcohol intoxications due to
the large number of patients presenting to the ED with this type of intoxication. Comparison
over a 16 year period showed an alarming increase in the absolute and relative numbers of
patients presenting with an alcohol and/or DOA intoxication, especially alcohol in combina-
tion with other intoxications.
Therefore, this study suggests further research into hazardous alcohol consumption and
DOA abuse.
Acknowledgments
The authors thank T.M. van Steenoven, M. Langstraat and R.A. Hobbel for their help with the
collection of the data.
Author Contributions
Conceptualization: C. Verheij, P. P. M. Rood, C. K. Deelstra, B. C. P. Koch, S. Polinder, S. C.
E. Schuit, J. A. Haagsma.
Data curation: C. Verheij, P. P. M. Rood, C. K. Deelstra, M. L. L. Levendag, S. Polinder, S. C.
E. Schuit, J. A. Haagsma.
Formal analysis: C. Verheij, P. P. M. Rood, C. K. Deelstra, M. L. L. Levendag, S. Polinder, S.
C. E. Schuit, J. A. Haagsma.
Investigation: C. Verheij, P. P. M. Rood, C. K. Deelstra, S. C. E. Schuit, J. A. Haagsma.
Methodology: C. Verheij, P. P. M. Rood, C. K. Deelstra, B. C. P. Koch, S. Polinder, S. C. E.
Schuit, J. A. Haagsma.
Project administration: C. Verheij.
Intoxications in the ED: Occurrence, characteristics, health care costs
PLOS ONE | https://doi.org/10.1371/journal.pone.0226029 December 19, 2019 10 / 12
Resources: C. Verheij.
Supervision: P. P. M. Rood, S. C. E. Schuit, J. A. Haagsma.
Validation: C. Verheij, S. C. E. Schuit, J. A. Haagsma.
Visualization: C. Verheij.
Writing – original draft: C. Verheij, P. P. M. Rood, C. K. Deelstra, S. C. E. Schuit, J. A.
Haagsma.
Writing – review & editing: C. Verheij, P. P. M. Rood, C. K. Deelstra, M. L. L. Levendag, B. C.
P. Koch, S. Polinder, S. C. E. Schuit, J. A. Haagsma.
References
1. Vermes A, Roelofsen EE, Sabadi G, van den Berg B, de Quelerij M, Vulto AG. Intoxication with thera-
peutic and illicit drug substances and hospital admission to a Dutch university hospital. Neth J Med.
2003; 61(5):168–72. PMID: 12916543
2. Indig D, Copeland J, Conigrave KM, Arcuri A. Characteristics and comorbidity of drug and alcohol-
related emergency department presentations detected by nursing triage text. Addiction. 2010; 105
(5):897–906. https://doi.org/10.1111/j.1360-0443.2009.02857.x PMID: 20148784
3. Gummin DD, Mowry JB, Spyker DA, Brooks DE, Fraser MO, Banner W. 2016 Annual Report of the
American Association of Poison Control Centers’ National Poison Data System (NPDS): 34th Annual
Report. Clin Toxicol (Phila). 2017 Dec; 55(10):1072–1252.
4. Ambrosius RG, Vroegop MP, Jansman FG, Hoedemaekers CW, Aarnoutse RE, van der Wilt GJ, et al.
Acute intoxication patients presenting to an emergency department in The Netherlands: admit or not?
Prospective testing of two algorithms. Emerg Med J. 2012; 29(6):467–72. https://doi.org/10.1136/emj.
2010.106500 PMID: 21546510
5. Kowalenko T, Burgess B, Szpunar SM, Irvin-Babcock CB. Alcohol and trauma—in every age group.
Am J Emerg Med. 2013; 31(4):705–9. https://doi.org/10.1016/j.ajem.2012.12.032 PMID: 23380101
6. Verelst S, Moonen PJ, Desruelles D, Gillet JB. Emergency department visits due to alcohol intoxication:
characteristics of patients and impact on the emergency room. Alcohol Alcohol. 2012; 47(4):433–8.
https://doi.org/10.1093/alcalc/ags035 PMID: 22493048
7. Newton A, Sarker SJ, Pahal GS, van den Bergh E, Young C. Impact of the new UK licensing law on
emergency hospital attendances: a cohort study. Emerg Med J. 2007; 24(8):532–4. https://doi.org/10.
1136/emj.2007.046094 PMID: 17652670
8. Parkinson K, Newbury-Birch D, Phillipson A, Hindmarch P, Kaner E, Stamp E, et al. Prevalence of alco-
hol related attendance at an inner city emergency department and its impact: a dual prospective and ret-
rospective cohort study. Emerg Med J. 2016; 33(3):187–93. https://doi.org/10.1136/emermed-2014-
204581 PMID: 26698364
9. Psychoactive substance (drugs and alcohol) use by Emergency Department patients before injury.
Rood PP, Haagsma JA, M Boersma S, Tancica A, Van Lieshout EM, Mulligan T, Van De Mheen D, Van
Beeck EF, Patka P. Eur J Emerg Med. 2016 Apr; 23(2):147–54. https://doi.org/10.1097/MEJ.
0000000000000186 PMID: 25093895
10. Mullins PM, Mazer-Amirshahi M, Pines JM. Alcohol-Related Visits to US Emergency Departments,
2001–2011. Alcohol Alcohol. 2017; 52(1):119–25. https://doi.org/10.1093/alcalc/agw074 PMID:
27998923
11. Cherpitel CJ, Ye Y. Trends in alcohol- and drug-related emergency department and primary care visits:
data from four U.S. national surveys (1995–2010). J Stud Alcohol Drugs. 2012 May; 73(3):454–8.
https://doi.org/10.15288/jsad.2012.73.454 PMID: 22456250
12. Crane EH. Highlights of the 2011 Drug Abuse Warning Network (DAWN) Findings on Drug-Related
Emergency Department Visits. The CBHSQ Report. Rockville (MD): Substance Abuse and Mental
Health Services Administration (US); 2013.
13. Wood DM, Greene SL, Dargan PI. Five-year trends in self-reported recreational drugs associated with
presentation to a UK emergency department with suspected drug-related toxicity. Eur J Emerg Med.
2013 Aug; 20(4):263–7. https://doi.org/10.1097/MEJ.0b013e3283573115 PMID: 22850087
14. Bush DM. Emergency Department Visits Involving Nonmedical Use of the Anti-anxiety Medication
Alprazolam. The CBHSQ Report. Rockville (MD): Substance Abuse and Mental Health Services
Administration (US). 2013.
Intoxications in the ED: Occurrence, characteristics, health care costs
PLOS ONE | https://doi.org/10.1371/journal.pone.0226029 December 19, 2019 11 / 12
15. Maughan BC, Bachhuber MA, Mitra N, Starrels JL. Prescription monitoring programs and emergency
department visits involving opioids, 2004–2011. Drug Alcohol Depend. 2015; 156:282–8. https://doi.
org/10.1016/j.drugalcdep.2015.09.024 PMID: 26454836
16. Jann M, Kennedy WK, Lopez G. Benzodiazepines: a major component in unintentional prescription
drug overdoses with opioid analgesics. J Pharm Pract. 2014; 27(1):5–16. https://doi.org/10.1177/
0897190013515001 PMID: 24436437
17. Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE, et al. Global burden of disease
attributable to mental and substance use disorders: findings from the Global Burden of Disease Study
2010. Lancet. 2013; 382(9904):1575–86. https://doi.org/10.1016/S0140-6736(13)61611-6 PMID:
23993280
18. Patel V, Chisholm D, Parikh R, Charlson FJ, Degenhardt L, Dua T, et al. Addressing the burden of men-
tal, neurological, and substance use disorders: key messages from Disease Control Priorities, 3rd edi-
tion. Lancet. 2016; 387(10028):1672–85. https://doi.org/10.1016/S0140-6736(15)00390-6 PMID:
26454360
19. Egerton-Warburton D, Gosbell A, Wadsworth A, Moore K, Richardson DB, Fatovich DM. Perceptions of
Australasian emergency department staff of the impact of alcohol-related presentations. Med J Aust.
2016; 204(4):155. https://doi.org/10.5694/mja15.00858 PMID: 26937670
20. Pirmohamed M, Brown C, Owens L, Luke C, Gilmore IT, Breckenridge AM, et al. The burden of alcohol
misuse on an inner-city general hospital. Qjm. 2000; 93(5):291–5. https://doi.org/10.1093/qjmed/93.5.
291 PMID: 10825405
21. Imlach Gunasekara F, Butler S, Cech T, Curtis E, Douglas M, Emmerson L, et al. How do intoxicated
patients impact staff in the emergency department? An exploratory study. N Z Med J. 2011; 124
(1336):14–23. PMID: 21946740
22. World Health Organisation. The ICD-10 Classification of Mental and Behavioural Disorders: Clinical
descriptions and diagnostic guidelines. Acute intoxication. WHO; 2005.
23. Hakkaart-van Roijen L, Van der Linden N, Bouwmans CAM, Kanters T, Tan SS. Costing manual: Meth-
odology of costing research and reference prices for economic evaluations in healthcare. 2015.
24. Kanters TA, Bouwmans CAM, van der Linden N, Tan SS, Hakkaart-van Roijen L. Update of the Dutch
manual for costing studies in health care. PLoS One. 2017 Nov 9; 12(11):e0187477. https://doi.org/10.
1371/journal.pone.0187477 PMID: 29121647
25. Statistics Netherlands. StatLine database. Retrieved from: https://opendata.cbs.nl/statline/#/CBS/nl/
dataset/70072ned/table?dl=24235
26. Dines AM, Wood DM, Yates C, Heyerdahl F, Hovda KE, Giraudon I, et al. Acute recreational drug and
new psychoactive substance toxicity in Europe: 12 months data collection from the European Drug
Emergencies Network (Euro-DEN). Clin Toxicol (Phila). 2015; 53(9):893–900.
27. Sorge M, Weidhase L, Bernhard M, Gries A, Petros S. Self-poisoning in the acute care medicine 2005–
2012. Anaesthesist. 2015; 64(6):456–62. https://doi.org/10.1007/s00101-015-0030-x PMID: 25951922
28. Woodruff SI, McCabe CT, Hohman M, Clapp JD, Shillington AM, Eisenberg K, et al. Characteristics of
Cannabis-Only and Other Drug Users Who Visit the Emergency Department. Cannabis Cannabinoid
Res. 2016; 1(1):149–53. https://doi.org/10.1089/can.2016.0012 PMID: 27689138
29. Van Laar MW, van Gestel B, Cruts AAN, van der Pol PM, Ketelaars APM, Beenakkers EMT, et al.
Nationale Drug Monitor, Jaarbericht 2017. Trimbos Instituut. Netherlands Institute of Mental Health
Care and Addiction; 2018.
30. Government of the Netherlands. Topics Drugs. Retrieved from: https://www.government.nl/topics/drugs.
31. Vroegop MP, Franssen EJ, van der Voort PH, van den Berg TN, Langeweg RJ, Kramers C. The emer-
gency care of cocaine intoxications. Neth J Med. 2009. Apr; 67(4):122–6. Review. PMID: 19581655
32. Duineveld C, Vroegop M, Schouren L, Hoedemaekers A, Schouten J, Moret-Hartman M, et al. Acute
intoxications: differences in management between six Dutch hospitals. Clin Toxicol (Phila). 2012 Feb;
50(2):120–8.
33. Parkinson K, Newbury-Birch D, Phillipson A, Hindmarch P, Kaner E, Stamp E, et al. Prevalence of alco-
hol related attendance at an inner city emergency department and its impact: a dual prospective and ret-
rospective cohort study. Emerg Med J. 2016; 33(3):187–93. https://doi.org/10.1136/emermed-2014-
204581 PMID: 26698364
34. Downes MA, Healy P, Page CB, Bryant JL, Isbister GK. Structured team approach to the agitated
patient in the emergency department. Emerg Med Australas. 2009; 21(3):196–202. https://doi.org/10.
1111/j.1742-6723.2009.01182.x PMID: 19527279
35. Hendrix L, Verelst S, Desruelles D, Gillet JB. Deliberate self-poisoning: characteristics of patients and
impact on the emergency department of a large university hospital. Emerg Med J. 2013; 30(1):e9.
https://doi.org/10.1136/emermed-2011-201033 PMID: 22328636
Intoxications in the ED: Occurrence, characteristics, health care costs
PLOS ONE | https://doi.org/10.1371/journal.pone.0226029 December 19, 2019 12 / 12
